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THE NEUROHISTOLOGY OF THE PROXIMAL PORTION OF
THE HUMAN EAR CANAL*
ELDON T. PERRY, M.D. AND MARGARET GRAY WOOD, M.D.
The external auditory canal of man serves primarily as a tube for the passage
of sound waves to the tympanic membrane. The latter structure stretches across
the lumen at the proximal extremity of the canal where it separates the external
and middle ear. This extremely fragile sound-sensitive membrane is protected
by the unique anatomical structure of the canal. The entrance to the canal is
guarded by stiff hairs called tragi. The lumen is small and surrounded by rela-
tively unyielding cartilaginous and bony walls. The stickiness of the cerumen
which coats the wall further impedes the penetration of any small foreign body
that might enter the canal.
While the protection afforded by gross structure and the presence of cerumen
is considerable, it is obvious that the nervous system must also play an important
protective role. Our studies have shown a pattern of nerve distribution which
appears unique to the area. This presentation describes this pattern in the bony
canal and tympanic membrane of man.
METHODS AND MATERIALS
Specimens were obtained from the bony (proximal) portion of the ear canals
of cadavers at autopsy examination. In order to rule out the possibility of post-
mortem autolysis of nerve fibers, several specimens were obtained from living
subjects under anaesthesia for other surgical procedures, such as mastoidectomy. t
Tympanic membranes were secured from cadavers. Tissue from the back, arm
and face was used for comparative purposes and to control idiosyncrasies in the
staining technic.
Utilizing both fresh and formalin fixed tissue, frozen sections 25 micra in
thickness were cut and placed in 4% neutral formalin until final processing. The
Winklemann technic for silver impregnation of peripheral nerve endings was
used throughout.
In accordance with the suggested technic, variations in the time and tempera-
ture of impregnation and of subsequent reduction were employed to obtain the
optimal contrast between the nerve fibers and their surrounding tissue. Optimal
results were obtained by incubation of the tissue for five hours in the impregnat-
ing solution which was maintained at a temperature ranging from 50—55° C.
Reduction was accomplished in one to three minutes at a temperature of 27° C.
Tissue from other parts of the body was treated simultaneously in an identical
fashion.
* From the Department of Dermatology (Dr. Donald M. Pillsbury, Director), Tlniver-
.sity of Pennsylvania School of Medicine, Philadelphia, Pennsylvania.
This study was supported by U. S. Public Health Service Grant No. G-4231.
Received for publication March 23, 1956.
t Obtained through the courtesy of Dr. Edward H. Campbell and his associates in the
Department of Otolaryngology.
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FIG. 1. The skin lining the bony portion of the external auditory canal: shown to illus-
trate the abundance of large nerve trunks. Winklemann silver stain. x 200.
FIG. 2. The tympanic membrane showing several large nerve bundles. Winklemann silver
stain. X 178.
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FIG. 3. (a) The skin of the bony canal with a cross section of a large nerve bundle deep
in the dermis. A nerve can be seen branching off from the bundle. Winklemann silver stain.
X 142. (h) A higher magnification of (a). Winklemann silver stain. X 480. .   i  i i ti   . i l  il  t i .  .
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FIG. 4. The course of a nerve from the deeper dermis toward the dermal-epidermal junc-
tion. Winklemann silver stain. >< 112.
FIG. 5. Large nerve bundle running through the upper dermis of the bony canal just
beneath the basal layer of the epidermis. Winklemann silver stain. >< 210.
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FIG. 6. Large nerve bundle running through the tympanic membrane just beneath and
parallel to the epidermis. Winklemann silver stain. X 190.
FIG. 7. High magnification of the epidermal-dermal junction in the skin of the bony
canal. Just beneath the basal layer of the epidermis (arrow) small non-myelinated fibers
can be seen. Winklemann silver stain. X 675.
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FIG. 8. Non-myelinated nerve fibers beneath the epidermis of the tympanic membrane.
Exposures at three levels were made on the same film in order to demonstrate as much of
the fiber as possible. Winklemann silver stain. X 235.
FIG. 9. Myelinated nerve fibers (arrow) in the superficial dermis. Note their close spa-
tial relationship to the basal layer of the epidermis. Winklemann silver stain. X 570.
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OBSERVATIONS
The most striking observation on low power examination of tissue removed
from the bony canal and tympanic membrane is the abundance of large nerve
trunks (Figs. 1 and 2). These trunks originate, in the case of the bony canal,
deep in the dermis (Figs. 3a and 3b) and course upward (Fig. 4) where they
may be seen running just beneath the dermal-epidermal junction (Fig. 5). large
trunks enter at the periphery of the tympanic membrane and pass just beneath
and parallel to the epithelial covering (Fig. 6). This proximity of large nerve
trunks to the epidermal-dermal junction is not seen in control sections from the
arm, face and back.
Non-myelinated fibers could be demonstrated in both the bony canal (Fig. 7),
and the tympanic membrane (Fig. 8), but they were few in number.
In several instances, myelinated fibers were seen in apposition to the basal
cells of the epidermis (Fig. 9).
No intraepidermal nerve fibers were seen.
DISCUSSION
While previous workers (1, 2, 3, 4) have outlined the gross innervation of these
areas by the auriculo-temporal branch of the trigemenus and the auricular
branch of the vagus, the presence of large nerve bundles and fibers in such super-
ficial position has not been emphasized.
Because of their serpentine course, it is difficult or impossible to follow nerve
fibers in the ordinary thin (7—10 micra) sections. The older nerve impregnation
technics prohibited the use of thicker sections because the contrast between the
nerve tissue and the background was poor. The Winklemann technic (5, 6) in-
creases the contrast between the silver impregnated nerve tissue and the connec-
tive tissue background permitting the use of thick sections and thus the visuali-
zation of large segments of nerve fibers and of nerve trunks.
The pattern of nerve distribution in the skin lining the bony canal and in the
typanic membrane is unique. In both areas one may see an abundance of large
nerve trunks. Smaller trunks and single large myelinated nerve fibers are seen
directly beneath the epidermis. These observations were riot duplicated in con-
trol sections taken from the back, arm, and face. Non-myelinated fibers are
present throughout the dermis but, again compared with the controls, in relatively
small numbers. One may speculate that the large myelinated nerve fibers which
are so prevalent in the proximal portion of the ear canal subserve touch sensation
and thus contribute substantially to the protection of the tympanic membrane.
SUMMARY
In keeping with their important role in the protection of the tympanic mem-
brane, the nerves of the skin of the bony portion of the human external auditory
canal have a unique distribution pattern. The Winklemann technic, which utilizes
thicker tissue sections, permits the visualization of many large nerve trunks in
the skin of this area that are not found in control sections from other regions. It
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is speculated that these large trunks subserve touch sensation and thus contribute
substantially to the protection of the delicate ear drum.
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ANNOUNCEMENTS
The Council on Medical Service of the American Medical Association main-
tains a Physicians' Placement Service, one of the functions of which is to supply
information to specialists seeking location. Specialists in need of an associate,
as well as physicians knowing of openings, in communities or in group practice
units, might refer these to the Council's Placement Service. Address
Dr. Ralph A. Johnson, Chairman
Committee on Medical and Related Facilities
American Medical Association
535 N. Dearborn Street
Chicago 10, Illinois
THE DUDLEY CROFFORD SMITH LECTURE IN
DERMATOLOGY
The first annual Dudley Crofford Smith Lecture in Dermatology will be
given at the University of Virginia, Monday evening, October 29, 1956.
Dr. Walter C. Lobitz, Jr. assistant professor of Hematology at Dartmouth
Medical School, Hanover, New Hampshire, will speak on Wound Healing Fol-
lowing Experimental Injury in the Human Skin.
A reception will be held at the Farmington Country Club and a portrait
of the late Dr. Dudley C. Smith will be presented to the University. This
lectureship has been established through the generosity of former students,
patients, friends and members of the Smith family.
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